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Effect of surface loading fluctuations in rapid sand-filters used to remove 
ammonium from drinking water.   
Karolina Tatari
Department of Environmental Engineering, Bygning 113, DTU, 2800 Lyngby, Denmark. 
, Barth F. Smets and Hans-Jørgen Albrechtsen 
Rapid sand filtration is a simple but well established technology used for drinking water treatment. Sand 
filters are designed to retain particles but also to remove dissolved compounds such as ammonium, iron and 
manganese. These compounds are removed by biological and chemical processes. Ammonium is 
biologically removed by autotrophic microorganisms colonized on the sand grains. The nature of these 
microorganisms is only partly known as well as their kinetics and the parameters affecting their activity. 
Despite that sand-filtration has been used for many years it is mostly designed and operated based on rules of 
thumb. 25% of the waterworks in Denmark do not comply with the ammonium guideline of 0.05 mg/L in the 
produced drinking water. Our research project aims to identify the controlling factors of nitrification in 
biofilters as a basis for process optimization.  
Ammonium influent concentration in rapid sand-filters often fluctuates due to switching between abstraction 
wells. Water abstracted from different wells may vary significantly in ammonium concentration. Filter 
loading is a product of flow and influent concentration and can be expressed as filter surfacial loading. This 
study investigates the effect of ammonium surfacial loading fluctuations on filter performance.  
Experiments are performed in a lab-scale column set-up, packed with sand from full scale filter. Column 
dimensions are small: height is 5 cm and inner diameter is 2.5 cm, so that stratification and non-
homogeneous flow can be neglected. NaCl tracer tests are used to describe the hydraulic characteristics of 
the system. Ammonium concentration is measured on-line at the outlet of the column. The system is 
operated at an ammonium surfacial load relevant for full scale filters and is allowed to reach steady-state 
with regards to ammonium concentration at the outlet. Load is shifted in short-time experiments where the 
effect on ammonium effluent concentration is monitored. Duration of the load-shift experiments is 
determined by the tracer tests and is in the range of 4-6 h. Loads ranging between 0.1-10 times the steady-
state load are investigated. Variation in ammonium breakthrough from the column is used to construct 
specific filter loading curves. The suggested methodology can be used as a diagnostic tool to identify 
whether a filter is operated close to its capacity of ammonium removal and therefore whether it is sensitive to 
influent loading fluctuations.  
 
 
 
 
